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We propose a realization of mechanically tunable Ruderman-Kittel-Kasuya-Yosida interaction in
a double quantum dot nanoelectromechanical device. The coupling between spins of two quantum
dots suspended above a metallic plate is mediated by conduction electrons. We show that the spin-
mechanical interaction can be driven by a slow modulation of charge density in the metallic plate.
We propose to use Stu¨ckelberg oscillations as a sensitive tool for detection of the spin and charge
states of the coupled quantum dots. Theory of mechanical back action induced by a dynamical
spin-spin interaction is discussed.
I. INTRODUCTION
Recent progress in theory and experiment on
nanometer-sized devices sheds light on a significant role
of the spin degree of freedom (see Refs [1]-[6]) in opto-
and electromechanical systems. The nanomechanical
quantum - classical hybrid systems [7]-[9] are impor-
tant for both fundamental research and applications
[10]. The range of problems addressed by the nanome-
chanics varies from designing new tools for a quantum
information processing to a development of highly sen-
sitive methods of, for example, mass, force and cur-
rent detection in metrology [7],[10]. While the nano-
optomechanics is dealing with coupling of light with
mechanical degrees of freedom [9], the nanoelectrome-
chanics (NEM) works with mechanically nanomachined
electrons [10]. Several new directions of NEM, in partic-
ular those which are focused on an investigation of me-
chanical systems coupled to the spins (spintromechanics
[11] and optomagnonics [5]) emerged recently thanks to
a progress in both experiment [4], theory [5] and ma-
terial science [6]. The ability to manipulate nanoelec-
tromechanical systems via electron’s spins leads to a va-
riety of new phenomena [12]-[16]. Since typical mechan-
ical displacements of NEM devices are in a range from
angstroms to nanometers, its detection requires utiliza-
tion of very sensitive methods. Quantum interferom-
etry [17] provides one of such sensitive tools [18],[19].
In most cases measurements of a back action induced
by the quantum electron spin [20] and charge system
[21],[22] onto a mechanical resonator gives yet another
sensitive tool for measuring the out-of-equilibrium prop-
erties of the quantum system operating in many cases in
a regime of strong electron-electron interaction and/or
resonance scattering, see examples in Ref.[11].
One of the most intriguing examples of spin-related
physics in NEMS is the Kondo effect in shuttling devices
[23],[24]. Kondo physics in quantum dots (QD) [25]
manifested itself as a many-body effect associated with
the creation of a cooperative singlet state composed of
conduction electrons in the leads and a localized QD
spin S=1/2. Complete screening of a spin impurity in
the QD occurs at temperatures well below the Kondo
temperature TK, the typical energy scale of the interac-
tion. Formation of a Kondo singlet is accompanied by
the saturation of the nano-device’s electric conductance
at the unitary limit 2e2/h. Mechanical motion of the
QD results in the appearance of a time dependency of
TK, which allows us to employ this effect as a dynamical
probe of the Kondo cloud [24]. Quantum engineering of
NEM-QD devices opens a possibility for investigating
competing interactions and emergent symmetries in the
presence of resonance electron scattering, for example:
two channel Kondo effect in a side-coupled QD [26], two
impurity Kondo effect in parallel- and serially-coupled
double quantum dot (DQD) [27],[28], or SU(4) Kondo
effect in a single-wall carbon nanotube based QD [29],
[30].
To demonstrate back action based on spin exchange
in a mechanical resonator we concentrate on studying a
parallel DQD system with spin-spin coupling controlled
by its nanomechanical motion. In the regime of resonant
scattering of mobile electrons on localized spins, the
two-impurity Kondo model arises [31]. It is well known
(see, e.g., Refs. [31],[32]) that at temperatures T<TK,
mobile electrons ”screen” each impurity independently.
It happens, however only if the spin-spin interaction me-
diated by conduction electrons, aka Ruderman-Kittel-
Kasuya-Yosida (RKKY) interaction [33] is sufficiently
small. The system behaves as two independent Kondo
impurities under condition |IRKKY|.2.2TK [34], other-
wise the two impurities’ spins are effectively locked into
a singlet or triplet state depending on the sign of the
RKKY interaction IRKKY. In recent experiments the
RKKY interaction carried by the electrons in metal-
lic grain [27] or a nanowire [35] was used as additional
”tools” for manipulating the Kondo effect in DQD sys-
tems, see, e.g., Ref. [36]. However, as shown in theory
[37], [38], the controllability of these systems, e.g., tun-
ability of RKKY interaction is very much limited by the
device fabrication processes.
In this paper we show theoretically that in a sus-
pended DQD NEM hybrid device placed near a metallic
plate (back gate), the coupling between mechanics and
electron spin-1/2 localized in the QDs can be mediated
by the RKKY interaction. We investigate two NEM
subsystems suspended above a two-dimensional electron
gas (2DEG) [39], see Fig. 1(a). Each subsystem consists
of a source and a drain bridged by a vibrating QD. A
molecule attached to the leads by the van-der-Waals
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2interaction or another vibrating nanowire with strong
size quantization, e.g. carbon nanotube with length less
than 1µm serves as a prototype QD device. We assume
that the number of electrons on each QD is odd and
consider QDs as mobile spin quantum impurities.
The possibility of electrons to tunnel from QDs
to the 2DEG and back leads to effective exchange
(RKKY) interaction between the QDs with spins S1
and S2, Heff=IRKKY(R)S1S2. The RKKY interac-
tion mediated by conducting electrons is an oscil-
lating function of the distance R between the lo-
calized spins, IRKKY∝cos(2kFR−pi/2(D+1))/RD (see
Ref.[41]), where kF is the electron momentum at the
Fermi surface and D is the dimension of the metallic
reservoir. This interaction provides an implicit coupling
between mechanical and spin degrees of freedom origi-
nating from the time-dependent deflection of the vibrat-
ing QDs, see Fig. 1(b).
The sign of exchange interaction determines the
ground state of the DQDs spin configuration. Namely,
for the distance R(t) such that IRKKY(R(t))>0, the in-
teraction between spins is antiferromagnetic and the
corresponding ground state of the system is a singlet
(the total spin S=0). The ferromagnetic RKKY interac-
tion IRKKY(R(t))<0 facilitates formation of the triplet
S=1 ground state. As a result, the potential energy as-
sociated with the RKKY exchange interaction gives rise
to an additional displacement-dependent force. This
force acts on the mechanical resonator being sensitive
to the spin configuration of the DQD NEM device.
The paper is organized as follows: Section II is de-
voted to formulation of the model describing a driven
double-quantum dot nanoelectromechanical device. We
present a short derivation of the mechanically nanoma-
chined effective two-impurity Kondo model. The RKKY
induced back action in mechanical subsystem and the
dynamics of the QD oscillations are discussed in Sec.
III. The analysis of the Stu¨ckelberg interference pattern
is presented in Sec. IV. The summary and discussions
are given in Sec. V.
II. MODEL
The Hamiltonian of the mobile DQD system reads:
H = HDQD +Hleads +Htun +Hvib, (1)
where the first term characterizes the DQD
HDQD =
∑
i=1,2,σ,σ′
[εinˆi,σ + Unˆi,↑nˆi,↓] + U12nˆ1,σnˆ2,σ′ . (2)
Here εi is an electron energy level on the ith QD,
nˆi,σ=dˆ
†
i,σdˆi,σ is a density operator of electron with spin
projection σ =↑, ↓ and dˆi,σ(dˆ†i,σ) is its annihilation (cre-
ation) operator, U is the Coulomb interaction between
electrons in each QD, and U12 is a capacitive coupling
between QDs. We assume that each QD is singly oc-
cupied and the system is in the particle-hole symmetric
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FIG. 1. (Color online) (a) Mobile double quantum dot NEM
device: Each quantum dot (light blue circle) is sandwiched
between its own source-drain electrodes (pink). The quan-
tum dots are suspended above a metallic plate (gray) formed
by 2DEG. The dots are attached to the mechanical oscilla-
tors (not shown) and move in the x direction parallel to
the metallic plate (motion is excited by external gates not
shown on the picture). The time-dependent distance be-
tween QD is denoted byR(t); ry and rx are Cartesian projec-
tions of the DQDs equilibrium (rest) position, l0 is a length
of mechanical oscillator. (b) Sketch of RKKY interaction
between two local spins attached to mechanical resonator
Veff=IRKKY(R)〈S1S2〉, where sign of interaction is deter-
mined by R=|R|. The ground state of the two-localized-
electron system is singlet (S) if IRKKY(R)>0 and triplet (T)
otherwise. If the mechanical system is fine tuned to the nodal
points of the curve, the RKKY interaction changes its sign
along the trajectory. The potential energy associated with
RKKY interaction gives rise to an additional force acting
onto the mechanical system.
regime, εi=−U/2. Hleads in Eq. (1) describes the elec-
trons in the leads and metallic plate,
Hleads =
∑
α
∑
k,i,σ
ξikαcˆ
i†
kσαcˆ
i
kσα +
∑
kσ
(t)aˆ†kσaˆkσ, (3)
where operators cˆikσα(cˆ
i†
kσα) and aˆkσ(aˆ
†
kσ) denote elec-
tron annihilation (creation) in (i, α)th electrode and
2DEG (here α stands for source/drain). Their ex-
citation energies ξikα=ε
i
kα−µiα and (t)=k−µ(t) are
counted from the chemical potentials µiα, µ(t). Note
that we consider the case of a time-dependent chemi-
cal potential and density of the electrons in the 2DEG,
µ(t)=F+eV sin(Ωt) (periodic modulations with a fre-
3quency Ω), while the amplitude of its modulation is lim-
ited by a condition |eV |<U/2 to avoid electron exchange
between the QDs and 2DEG. In addition we assume an
adiabatic drive (see discussion below).
The electron tunneling between leads and QD is de-
scribed by a standard tunnel Hamiltonian
Htun =
∑
k,α,σ,i
(tki,αcˆ
i†
kασdˆi,σ + h.c.)
+
∑
k,i,σ
(γkie
ikRi(t)aˆ†kσdˆi,σ + h.c.), (4)
where tki,α, γki are corresponding tunnel matrix ele-
ments and Ri denotes a momentary position of the ith
QD.
Oscillations of the ith ”impurity” with frequency
ωi are described by a harmonic oscillator Hamiltonian
Hvib=
∑
i(pˆ
2
i /2M+Mω
2
i xˆ
2
i /2), where pˆi and xˆi are mo-
mentum and displacement of the ith QD. We assume
equal massesM of the oscillators. We point out that QD
vibrations take place along the x direction in the plane
parallel to the 2DEG, see Fig. 1. In the following, we
assume that QD’ displacements are large compared to
the zero-point motion amplitude x0, xˆix0=
√
~/Mωi,
which allows us to consider xˆi, pˆi as classical variables.
We map the above model Eqs.(1)-(4) onto a two-
impurity Kondo problem [32] by using a time-dependent
Schrieffer-Wolff transformation [42]. This procedure is
legitimate as long as the number of electrons occupy-
ing each QD is odd, which requires fulfillment of the
condition |U |/2Γiγ+
∑
α Γ
i
α. Here Γ
i
α=2piν|tki,α|2 and
Γiγ=2piN2D|γki|2 are the tunneling rates in the (i, α)th
electrode and 2DEG correspondingly, while ν and N2D
are the densities of states at the Fermi level. The ef-
fective Kondo Hamiltonian in adiabatic approximation,
{~Ω, ~kF |R˙i|}|U |/2 [42], reads
HK =
∑
kσ
(t)aˆ†kσaˆkσ +
∑
k,k′;i
J(t)ei(k
′−k)Ri(t)s · Si + (5)
∑
kσα;i
ξikαcˆ
i†
kσαcˆ
i
kσα +
1
2
∑
kk′,αα′
∑
σσ′;i
Jiαα′Si · cˆi†k′σ′α′σσ
′σ cˆikσα.
Here s=aˆ†k′σ′σ
σ′σaˆkσ/2 and Si are the spin operators of
the electrons in the 2DEG and of ith QD, σσ
′σ are the
Pauli matrices, J(t)=J0+J1[(eV sin(Ωt)−(k+k′)R˙i/2)]
is the exchange interaction between the ith ”impurity”
and the 2DEG,
J0 =
2|γki|2U
E12(U − E12) , J1 =
J20
2|γki|2
U − 2E12
U
. (6)
Here E12≡U/2−U12 and Jiαα′=2tik′α′ti∗kαU/E12(U−E12)
is the exchange constant between the ith localized spin
and electrons in the leads. In Eq. (5) we omit irrelevant
terms of two sorts: (i) responsible for electron scatter-
ing without spin flip and (ii) accounting for spin-flip
processes during electron scattering from source/drain
electrodes to the 2DEG and vice versa. Below we re-
strict ourself to the question of how RKKY interac-
tion in the DQD-NEM system affects the vibrational
degree of freedom. For simplicity we assume |J0|T iK
and ignore Kondo physics (two different Kondo tem-
peratures [36],[37] generically arise in the four-terminal
setup, Fig. 1: Two pairs of contacts provide two inde-
pendent Fermi seas for the quantum impurities). We ne-
glect also all effects associated with current flow through
the system by considering zero source-drain bias. The
out-of-equilibrium effects associated with finite current
and effects of thermal noise due to equilibrium current
fluctuations will be considered elsewhere [43].
III. BACK-ACTION
We analyze the dynamics of the ith QD characterized
by the amplitude of its fundamental vibrational mode
xi(t), whose time evolution is described by Newton’s
equation
x¨i + γx˙i + ω
2
i xi = −
1
M
∂
∂xi
Veff(|R1 −R2|, t), (7)
here γ is a phenomenological damping and Veff is an
effective exchange interaction, which in adiabatic ap-
proximation (~Ω F ) can be obtained from the linear
response theory [44]. To derive an effective potential
for the RKKY interaction between spins located at dif-
ferent wires we integrate out completely all states of
2DEG at the conduction plate (see Fig. 1). As a re-
sult, the effective RKKY potential is given by the real
part of the density-density correlation function [45] of
the 2DEG [46]. The imaginary part of this correlation
function contributes to the damping of the mechanical
subsystem. Performing a Fourier transform of Veff and
treating the second term in Eq.(5) as a perturbation in
|γki|2/(UF ) 1 we obtain
Veff =
∫
dωe−iωtV˜eff(R, ω)
(
1 +
J1eV
2iJ0
∑
κ=±
κδ(ω + κΩ)
)
,
V˜eff(|R|, ω) = J
2
0
2
∑
k,q;i6=j
〈SiSj〉 e
−iqR(fk − fk+q)
ω˜i + k − k+q + i0+ , (8)
where R=R1−R2, δ(ω) is the Dirac delta-function,
ω˜i=ω−qR˙i, and fk is the Fermi distribution function.
The real part of the effective potential is the RKKY in-
teraction between two ”impurities”, while its imaginary
part is the spectral function of electron-hole excitations
in 2DEG. The imaginary part of V˜eff is in general re-
lated to the damping mechanisms associated with, e.g.,
the creation of collective plasmon or/and magnon ex-
citations or tunneling into the leads. We neglect such
contributions by assuming the adiabaticity condition.
The real part of V˜eff(|R|, 0) at zero temperature (see,
e.g., Refs. [41],[47]) is given by:
Veff(R) =
J20
2
〈S1S2〉A2N2Dk∗2F ·
[J0(k
∗
FR)N0(k
∗
FR) + J1(k
∗
FR)N1(k
∗
FR)] , (9)
4where A is the confinement area of the 2DEG
(back gate), k∗F≈kF+(eV/2~vF ) sin(Ωt) is a time-
dependent Fermi wave vector, and Jm(z), Nm(z) are
the Bessel functions of the first and the second
kind. For simplicity, we consider only the long-
distance limit of Eq. (9) at large kFR, which corre-
sponds to a power-law − sin(2k∗FR)/R2 RKKY asymp-
tote [48]. Here the distance between ”impurities” is
R=
√
(rx + x1 − x2)2 + r2y and rx, ry are x-y projec-
tions of R at the equilibrium position, see Fig. 1(a).
Let us assume that the averaged distance between the
vibrating QDs R0=
√
r2x + r
2
y is close to the distance at
which the RKKY interaction changes sign, 2kFR0≈pin
(where n is an integer). Then, by expanding the oscillat-
ing RKKY function with respect to the small parame-
ters (eV/F , rx(x1−x2)/R201) and substituting it into
Eq. (7) one can obtain the system of coupled equations
of motion for the displacement of the ith QD
x¨i + γx˙i + ω
2
i xi = ±α0
(
1 +
2r2y
R20
x1 − x2
rx
)
×(
1 + eV
(
1
2F
+
J1
J0
)
sin(Ωt)
)
, (10)
where ” + ” is for i=1, ” − ” for i=2, and
α0=J
2
0〈S1S2〉N2D(A2kF rx/2piMR30). The RKKY in-
teraction results in three different forces in the r.h.s.
of Eq. (10) which (i) lead to the renormalization of
the ith QD equilibrium position, (ii) create a time-
dependent force proportional to sin(Ωt), and (iii) re-
sult in energy transferring between the two oscillat-
ing QDs (beating). In particular, the RKKY inter-
action between spins provides the coupling between
the QDs and the mechanical subsystems. Such spin-
mechanical coupling can be easily extended to the quan-
tum limit. Expansion of sin(2kFR) around the equilib-
rium interdot distance pin/2kF and quantization of the
QD displacement field leads to the spin-mechanical in-
teraction Hamiltonian: Hint∼λS1S2(bˆ+ bˆ†)/
√
2, where
λ=(−1)nJ20N2DkFA2rxx0/R30 is the spin-phonon cou-
pling, bˆ, bˆ† are boson operators of vibrational quanta.
We rewrite the EOM (10) in terms of a normal (i)
in-phase, x1+x2, and (ii) out-of-phase, x1−x2, modes.
The first term in the r.h.s of Eq. (10) is eliminated
by redefinition of the ”impurities” initial deflections
xi∓α0/ω2i→xi. We assume that the QD eigenfrequen-
cies ω1,2=ω0 ± δω differ by a small value δωω0.
In addition, we introduce a dimensionless time τ=ω0t
and dimensionless normal mode displacements in units
of the length of the nanowires l0: ϕ=(x1 + x2)/l0,
φ=(x1 − x2)/l0. We denote
∆ =
2δω
ω0
, ωd =
Ω
ω0
, α˜0 =
2α0
ω20
, (11)
and introduce dimensionless force and frequency shifts
F =
α˜0eV
l0
J1
J0
, α1 = 2
α˜0
rx
(
ry
R0
)2
, α2 =
l0F
rx
(
ry
R0
)2
,
The coupled mechanical equations of motion (10) in di-
mensionless notations are given by
ϕ¨+ ϕ˙/Q+ ϕ = −∆ · φ, (12)
φ¨+ φ˙/Q+ [1− α1 − α2 sin(ωdτ)]φ = −∆ · ϕ+ F sin(ωdτ),
where Q is a quality factor. As a result, the equation
of motion for the out-of-phase mode φ describes a para-
metric oscillator subject to an external time-dependent
driving force coupled to a nondriven oscillator, associ-
ated with the in-phase mode ϕ. Notice that the fre-
quency shift for the in-phase mode is negligible com-
pared to the shift for the out-of-phase mode which con-
sists of a time-independent part α1 and a part ∝ α2
periodic in time.
The coupling constant α2 in (12) can be estimated
considering realistic parameters for a typical 2DEG:
F∼10 meV, kF∼106 cm−1. Besides, without loss of
generality we assume J0∼10 K and eV/F∼0.1 and con-
sider a carbon nanotube as an example of vibrating
nanowire (ω0∼100 MHz is a fundamental frequency of
carbon nanotube’s bending modes, x0∼10−9 cm is the
amplitude of zero-point oscillations). Furthermore, tak-
ing R0∼ry∼10−6 cm and considering the QDs charging
energies in the range from 1 K to 10 K we obtain:
α2 ∼ J0
F
J0
~ω0
1
kFR0
(
x0
R0
)2
eV
U
(
ry
R0
)2
∼ 10−3÷10−2.
IV. STU¨CKELBERG INTERFERENCE IN
CLASSICAL TWO-LEVEL SYSTEM
Finally, we propose an experimental realization of the
spin-mechanical coupling based on the investigation of
the envelope function of vibrating QD’ displacements
[10]. An idea is based on the observation that the slow
dynamics of the NEM system associated with the drive
ωd mimics the dynamics of a driven quantum two-level
system. The slowly varying amplitudes of in- and out-
of-phase modes play the same role as the spinor in the
time-dependent Schro¨dinger equation of two-level sys-
tem [49],[50]. To demonstrate the similarity between
classical and quantum driven systems we start with the
ansatz [49],[50]:
ϕ(τ) = C · Re{Φ+(τ)eiτ−τ/(2Q)},
φ(τ) = C · Re{Φ−(τ)eiτ−τ/(2Q)}. (13)
The complex amplitudes Φ± are equivalent to the spinor
”wave functions”. Here the constant C accounts for
the normalization condition |Φ+|2+|Φ−|2≈1 [to achieve
normalization condition we account for the time de-
pendent external force F in the particular solution of
Eq. (12)]. Substituting Eq. (13) into Eqs. (12) and per-
forming the unitary transformation with operator Ŵ =
eiα1τ/4 exp[−i(α2/4ωd) cos(ωdτ)] we map Eqs. (12) onto
a Schro¨dinger-like equation
i
d
dτ
(
Ψ+(τ)
Ψ−(τ)
)
= HTLS(τ)
(
Ψ+(τ)
Ψ−(τ)
)
, (14)
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FIG. 2. (Color online) The time averaged over 30 periods
probability Pav to populate the in-phase mode |ϕ|2 as a func-
tion of the dimensionless energy offset (time-independent
frequency shift) α1 and the driving amplitude α2. The
fanlike diagram is obtained from Eq.(12) for the dimen-
sionless parameters: driving frequency ωd=10
−3, detuning
∆=2 · 10−3, and quality factor Q=105. The initial condition
for Eq. (12) assumes population of the out-of-phase mode
at τ=0: |φ(0)|2=1. Initial velocities of mechanical oscilla-
tors are equal to zero. We consider the modulations of the
density in the back gate corresponding to small deviations
of the potential energy around the second node of Veff (Fig.
1). The two-spin configuration is locked in the singlet state
(main panel) and in the triplet state (inset), see detailed dis-
cussion about two-spin configuration in Sec. IV. We neglect
the spin-relaxation processes and the effects of hyperfine in-
teraction.
where
HTLS = −σx∆
2
− σz α1 + α2 sin(ωdτ)
4
, (15)
and Ψ± are linked to Φ± as Ψ±=ŴΦ±. The
instantaneous adiabatic eigenvalues of the
Hamiltonian (15) depend on time τ as follows
E=±(1/2)√∆2 + (α1 + α2 sin(ωdτ))2/4. In the vicin-
ity of avoided crossing points, where the distance
between two levels is minimal, the linearized model
describes the Landau-Zener transitions [51] with ef-
fective Hamiltonian HLZ=−(∆/2)σx±(vτ/2)σz, where
v=α2ωd/2 is a driving velocity. The Landau-Zener
transition occurs between diabatic states associated
with in-phase and out-of-phase modes. As a result,
adiabatic states representing the true normal modes of
coupled classical oscillators are formed. The transition
probability to stay at the same diabatic state after a
single passage through the crossing point is given in
semiclassical approximation by a text book equation
[51]: PLZ=exp(−pi∆2/2v).
In the case of a multipassage process, the transition
probability accounts for both diabatic and adiabatic
transitions and contains the phase responsible for the
interference between two passes [17]. The interference
pattern is visualized by a fan-type diagram, see Fig. 2.
The density plot (see Fig. 2) shows the time-averaged
probability to populate the in-phase mode as a function
of the dimensionless ”energy offset” (time-independent
frequency shift) α1 and the driving amplitude α2. The
minima and maxima of the time-averaged probability
correspond to destructive and constructive interference
between consecutive energy levels crossings [52]. Usu-
ally, in the absence of any dissipation, the maximum
value of the averaged probability to populate the state
satisfying nonoccupied initial condition is equal to 0.5.
However, the maximum value plotted on Fig. 2 is below
this limit. To explain the probability deficit we point out
that the effects of dissipation in a driven nanomechan-
ical system are twofold: On one hand, these effects in-
validate at very large times the correspondence between
the full-fledged mechanical equations of motion for the
in- and out- of-phase modes and its quantum mechan-
ical equivalent for slowly oscillating amplitudes (enve-
lope curves as ”wave functions”); on the other hand,
the evolution of an ”analogous” two-level system be-
comes nonunitary. As a result, the maximum value of
the averaged probability depends on the number of adi-
abatic periods used for computing the average value (see
Fig. 2).
Specific shape of the fan diagram in Fig. 2 indi-
cates the crossover from the regime of slow-passage limit
α2ωd . ∆2 (bottom part of the figure on the main
panel) to the regime of the fast-passage α2ωd & ∆2
(top part of Fig. 2). The interference pattern (main
panel) demonstrates pronounced arcs similar to Ref.
[17]. Decrease of the total probability Pav with increas-
ing α2 qualitatively reminds the similar effect in the
quantum two-level system associated with the presence
of two typical times scales of the same order of magni-
tude responsible for the relaxation and dephasing, see,
e.g., [17].
The standard Stu¨ckelberg fan diagram [17] is con-
structed assuming mutual independence of parameters
α1 and α2. In contrast to it, the RKKY-mediated
level crossing imposes certain constraint on α1∼α˜0 and
α2∼α˜0, making the line α1=0, α2 6=0 inaccessible. The
Stu¨ckelberg interference is pronounced inside the cone
α1<α2. This condition is achieved by fine tuning the
gate voltage and interdot capacitance controlling U12.
Finally we comment on relations between two-
localized spin configurations (singlet/triplet) deter-
mined by initial conditions given by RKKY interac-
tion and the resulting Stu¨ckelberg interference pattern.
First, the spin configuration affects only the magnitude
of the coupling constants α1,2. The expectation value
of 〈S1S2〉 at zero temperature is equal to −3~2/4 for a
singlet and ~2/4 for a triplet state respectively. There-
fore, for the same values of the external parameters
{eV, U, U12}, the relation αSing1,2 = −3αTrip1,2 holds. By
constructing the interference diagram we assumed very
long singlet-triplet relaxation times. Thus, the system
being prepared in certain (singlet or triplet) two-spin
initial configuration is locked in the same state dur-
ing the evolution. Furthermore, as one can see from
6Fig. 2, the initial two-spin configuration uniquely de-
fines the Stu¨ckelberg pattern. Therefore, the classical
Stu¨ckelberg interferometry can be used for the identifi-
cation of the quantum spin states [53].
V. SUMMARY AND DISCUSSION
In summary, we propose a hybrid system coupling two
spin impurities embedded in adjacent NEM beams using
the RKKY interaction. We showed that a nanodevice
based on two suspended quantum dots nanomachined in
the vicinity of a metallic back gate characterized by a
slowly modulated density of charges allows us to control
independently both local and nonlocal spin correlations.
The role of the mechanical system is twofold. On one
hand, it provides access to RKKY-mediated dynamics.
On the other hand, it provides a very sensitive tool for
quantum measurements of nanomechanical back action.
The interference between two diabatic states of mechan-
ical system can be measured with high accuracy through
Stu¨ckelberg oscillations. The mechanical system of two
coupled QD oscillators, while being itself deeply in the
classical regime, mimics the dynamics of a quantum two-
level system. The slow varying displacement envelope
functions play the same role as the two-level system’s
wave functions [49],[50].
We have demonstrated that the interference between
two classical modes (in-phase and out-of-phase) of a
mechanical resonator is sensitive to the quantum spin
configuration of the double quantum dot. As a result,
the Stu¨ckelberg fan diagram provides very accurate in-
formation about the spin-spin correlation function. In
particular, in the presence of competing interactions,
such as, for example, a resonance Kondo scattering,
the mechanical back action becomes an important tool
for sensing the Kondo screening. The interference pat-
tern, being pronounced for both the singlet and the
triplet two-spin configurations, disappears completely
when two Kondo clouds are formed in the DQD system
to screen the electron’s spins. Moreover, mechanical
back action can be used to probe the quantum criti-
cality associated with an antagonism between magnetic
(RKKY) interaction and Kondo scattering.
The applications of the mobile DQD NEM system
in addition to sensing the spin-spin correlations func-
tion include but are not limited by the following prob-
lems, to list a few: Competition between resonance
on-site Kondo scattering and spin-spin correlation out-
of-equilibrium, nanomechanically induced singlet-triplet
transitions in a double-dot device [54], mechanically in-
duced drag, classical vs quantum synchronization, etc.
Possible experimental realizations of mechanically tuned
RKKY can be engineered with coupled suspended car-
bon nanotube/metallic quantum wire resonators or in
silicon metal-oxide-semiconductor based junctions, in
which mechanics is modeled by driving the barrier gates
with an ac voltage [55].
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